On 22nd of September 2017 the IceCube collaboration sent an alert for an EHE (Extreme High Energy) event, corresponding to the reconstruction of a muonic neutrino (IC-170922A) with energy ∼290 TeV. A multi-wavelength follow-up campaign associated this neutrino event with a gamma-ray flaring state of the BL Lac TXS 0506+056 located at z=0.3365. From the same position of the sky a muonic neutrino excess is observed in a time window of 110 days around 13 th of December 2014. These observations together suggest TXS 0506+056 as a possible neutrino emitter. We report here a short and long term gamma-ray monitoring of this source and we compare it with other blazars selected following the criteria of being spatially correlated with an astrophysical muonic neutrino event observed by IceCube. A detailed study of source duty cycles, as well as the characterization of most significant flares is obtained through the Fermi-LAT data. We show the expected neutrino flux variability with different time binning assuming the gamma-rays observed by Fermi-LAT produced through pion cascades. These expectations are then compared with the IceCube discovery flux level searching for the optimal time bin in a multi-messenger context.
INTRODUCTION
Since November 2013, when the IceCube collaboration tagged the first two "extraterrestrial" high energy neutrino events ("Bert" and "Ernie") (Aartsen et al. 2013) , the observed astrophysical neutrino signal has exceeded hundreds of events collected in different samples (Aartsen et al. 2016; IceCube Collaboration et al. 2017; Schneider 2019; Stettner 2019) . The spatial distribution of the events do not show particular accumulations in the skymap with a significance greater than 3σ (Aartsen et al. 2017b ). The spectral energy distribution (SED) of the muonic neutrino events observed from the Northern hemisphere resulted in a harder index (α ∼ 2.2), than the SED of the full sky High Energy Starting Events (HESE) observed in 7 years (IceCube Collaboration et al. 2017) . Recent analyses by IceCube and ANTARES experiments (Aartsen et al. 2017c; Albert et al. 2017 ) posed upper limits on the diffuse Galactic emission (Gaggero et al. 2015) showing that this contribution cannot exceed 8.5% of the full sky measured neutrino flux. A remaining viable solution for a global neutrino SED description is rep-E-mail:antonio.marinelli@pi.infn.it † E-mail:jrsacahui@ecfm.usac.edu.gt ‡ E-mail:ankur.sharma@pi.infn.it § E-mail:jmosorio@astro.unam.mx resented by the existence of different extragalactic populations of neutrino emitters (Bechtol et al. 2017) , with each of them having a major contribution at different energy range. However it is not clear which class of extra-galactic sources contributes more to the remaining ∼ 90% of the observed astrophysical neutrino flux (Ahlers & Halzen 2014; Murase & Waxman 2016; Turley et al. 2018 ). An answer to this question can be obtained through the electromagnetic follow-up of the most energetic IceCube neutrino events. In 2016 the IceCube collaboration started an alert (Aartsen et al. 2017a) program, sending out alerts in real-time whenever an Extreme High Energy (EHE) (Aartsen et al. 2014a; and 2016) or a HESE (Aartsen et al. 2014b) event with a good angular resolution is reconstructed. Up till now, 23 of these alerts has been sent out by the IceCube experiment (Aartsen & et al. 2018) to other astrophysical observatories which can cover the electromagnetic sky from radio to gamma-ray frequencies (Smith et al. 2013 ). The first positive follow-up was obtained with the alert sent on 22 nd of September 2017 when Fermi-LAT (Atwood et al. 2009 ) observed the BL Lac TXS 0506+056 in a flaring state inside the small solid angle associated with an IceCube EHE event (IC-170922A) direction, with energy ∼ 290 TeV (Aartsen & et al. 2018 ). For the same source, the MAGIC gamma-ray telescope also observed high-energy activity between 80-400 GeV between 28 th September to 4 th of Octo-ber (Ansoldi et al. 2018 ). An unblinded analysis of this BL Lac by IceCube using the data collected in the last 8 years showed a 3.5σ excess in December 2014 in the sample of total reconstructed low energy muonic neutrino events (IceCube Collaboration et al. 2018b) . Unfortunately in this case, Fermi-LAT data did not show a gamma-ray counterpart activity. Different lepto-hadronic models of TXS 0506+056 were used to describe the state of this source around the muonic neutrino excess of 2014-15 (Reimer et al. 2018; Keivani et al. 2018; Reimer et al. 2019; Halzen et al. 2019; Rodrigues et al. 2019 ) and around the 22 nd September alert (Padovani et al. 2018; Sahakyan 2018; Cerruti et al. 2019; Liu et al. 2019) , to account for the observed gamma-ray and neutrino events. While a unique multi-messenger scenario explaining both neutrino observations seems unviable, a link with the electromagnetic emission seems possible at different energy ranges. To associate the 2014-15 low energy neutrino flare with the absence of enhanced gammaray activity, we should invoke the absorption of GeV photons in the source environment and eventually a Compton-supported cascade (Reimer et al. 2018 ). On the other hand, a one-zone leptohadronic model can connect the 2017 EHE neutrino event with the flaring GeV activity observed by Fermi-LAT when considering the GeV photons as the synchrotron emission of charged-pion cascade products (Padovani et al. 2018) . In this work we follow the last scenario to link the Fermi-LAT observations with the expected VHE neutrino emission from the sample of blazars selected. For this selection we look for all the well reconstructed muonic neutrino track-events (reconstruction error ∼ 1 • ) being part of Extreme High Energy (EHE), HESE (IceCube Collaboration et al. 2017) and northern hemisphere muonic neutrino (Aartsen et al. 2016) catalogs and we search for the VHE emitters in the Fermi-LAT 3FGL (Acero et al. 2015) and 3FHL ) catalogs located within 1.3 • from the centroid of reconstructed astrophysical neutrino events. With these criteria, we made a preliminary list of blazar candidates to be neutrino emitters. The extreme gammaray variability and luminosity of these sources (Urry & Padovani 1995; Wills et al. 1992; Ghisellini et al. 1998; Romero et al. 2002; Ghisellini et al. 2010 Ghisellini et al. , 2014 ) make possible a time-dependent analysis through the Fermi-LAT data even for those with z > 1, while the available x-ray data suffers with big gaps.
Here we present a study of the gamma-ray activities of these blazars with more details for two of them: OP 313 and TXS 0506+056, as representatives of luminous flat spectrum radio quasar (FSRQs) (Ghisellini et al. 2011 ) and BL Lacertae (BL Lac) (Stein et al. 1976 ) objects contained in the sample. With 9.5 years of Fermi-LAT data we obtain the gamma-ray light curves, duty cycles and luminosity during the major flares as well as the SED variation when the source moves from a quiescent state to a flaring state. Assuming the reported one-zone lepto-hadronic model, we obtain the expected neutrino flux at hundreds of TeV and compare it with the corresponding pre-trial discovery potential flux of IceCube experiment (IceCube Collaboration et al. 2018a; Aartsen et al. 2017b ) for the different time bins considered. With the assumption of lepto-hadronic emission for the selected blazars, we obtain the optimal flare duration to observe a neutrino event, similar to ones listed in the alert sample, in coincidence with an enhanced gamma-ray activity. This analysis also highlights the importance of having a global neutrino network (GNN) to perform a multimessenger detection with a significance greater than 3σ when observing a variable source with a neutrino luminosity like the ones assumed here. For the reported sample of blazars we also obtain a detailed analysis of the high-energy activity: first we search for a correlation between the synchrotron peak (ν S peak ) and the gamma- Table 1. ray luminosity and then we explore the three-dimensional (3D) parameter space of gamma-ray luminosity/Duty Cycle/flare duration. We use the last analysis to disentangle the blazar(s) contained within the sample that can be compatible with the lepto-hadronic model followed and the IceCube observations.
SOURCE SELECTION FROM THE FERMI-LAT CATALOGS
In this work we study the Fermi-LAT blazars that are spatially connected with IceCube track-like events. In particular, EHE and HESE events, from the AMON alert program (Aartsen et al. 2017a) and muonic neutrino events above 200 TeV from (Aartsen et al. 2016) and (IceCube Collaboration et al. 2017 ) (with 50% containment error 1.5 • ) are considered. Additional events from (Ice-Cube Collaboration et al. 2017) satisfying the selection criteria are also included. We select blazars from the 3FHL ) and 3FGL (Acero et al. 2015) catalogs that are strictly spatially connected with these neutrino events. In particular we trigger only the objects with |FermiLAT cen − IceCube cen | 1.3 • considering respectively the Fermi-LAT and the IceCube measured centroids. This condition leads to the position of reported blazars falling within ∼ 5 sq. deg. around the reconstructed astrophysical neutrino events. The list of blazars that satisfy this condition are reported in Table 1 with the corresponding distance, when known, and source types. For each of them we obtain the maximal gammaray luminosity reached during these 9.5 years considering different time binning and search for possible gamma-ray activity temporally correlated to an EHE neutrino event. From our sample of selected blazars, we report a particular study of the long term activity for TXS 0506+056 and OP 313, a luminous flat spectrum radio quasar (FSRQ) located in the Northern Hemisphere with a high average flux. Markarian 421 is used just as a reference candle for the duty cycle (DC) study, being one of the most studied and close BL Lac.
TXS 0506+056
TXS 0506+056 is a bright BL Lac type blazar, located at RA = 77.35 • and Dec. = 5.69 • (see Fig. 1 ). With a reported redshift of z=0.3365± 0.0010 (Paiano et al. 2018) , it is the the most probable counterpart of the IceCube EHE neutrino event IC170922A (Kopper & Blaufuss 2017a). This blazar is found to have a synchrotron Figure 2 . LC of TXS 0506+506 obtained with Enrico software package (Sanchez & Deil 2013a) . We assume a power-law behaviour for the spectral energy distribution (SED) of this source following the EBL model of (Franceschini et al. 2008) . We report a weekly binned LC with the black solid vertical line indicating the time of the IC170922A event and the shadowed region indicating the period of the 2014/2015 neutrino flare. The horizontal dashed-dotted line represents the 3σ deviation from the average flux.
peak (ν S peak ) value below 10 15 Hz (see Fig. 8 ) therefore classifiable between intermediate-frequency and high-frequency peaked blazar (IBL/HBL) as reported in (Padovani et al. 2018 ). The optical spectrum is typical of a Seyfert II galaxy (Paiano et al. 2018) and supermassive black hole (SMBH) at the center with mass M BH ≈ 3 × 10 8 M (Paiano et al. 2018 ).
OP 313
OP313 is an FSRQ type blazar, located at RA = 197.619 • and Dec. = 32.345 • (see Fig. 1 ), with a reported redshift of z=0.9980± 0.0005 (Hewett & Wild 2010) . As can be seen from Fig. 8 , the ν S peak ∼ 10 13 Hz, and no estimation of the central SMBH mass is available. This FSRQ is in spatial coincidence, inside 1.5 • from the centroid of a reconstructed neutrino event reported on May the 5 th , 2012 by IceCube, with a deposited energy of 200 TeV (Aartsen et al. 2016) . Exploring the gamma-ray emission, there is no temporal coincidence of the neutrino event with an increase of flux, but Fermi-LAT reported an increase in gamma-ray flux that began in (Sanchez & Deil 2013a) . Also for this source we describe the SED with a power law function and we follow the EBL model described by (Franceschini et al. 2008) . We select a weekly binned flux with the black solid vertical line indicating the time of the observed EHE neutrino.
April 2014, lasting for more than 3 months, and was upto 13 times its average flux (Sara 2014) .
ANALYSIS OF FERMI-LAT GAMMA-RAY DATA
We extracted data in the energy range 0.1 -300 GeV within a 10 • Region of Interest (ROI) around each source. Data reduction was done using Enrico, a community-developed Python package to simplify Fermi-LAT analysis (Sanchez & Deil 2013b) , using the LAT analysis software ScienceToolsv10r0p5 and including all known gamma-ray sources reported in the third Fermi-LAT catalog (Acero et al. 2015) , as well as the isotropic and Galactic diffuse emission components (iso_P8R2_SOURCE_v6_v06.txt and gll_iem_v06.fits), falling within the ROI. We obtained the gammaray light curves with one week bins for the two sources from September 1, 2008 (MJD 54710) to February 5, 2018 (MJD 58154), see Figs. 2, 3. The EBL absorption was considered using (Franceschini et al. 2008 ) as a reference model. For each selected blazar we use the obtained Fermi-LAT data for computing the weekly light curve, calculating the corresponding source duty cycle, obtaining the GeV part of the SED, studying the respective spectral index variability and calculating the reached luminosity during the major observed flares. In the following subsections we treat all these aspects of the analysis in detail.
Gamma-ray duty cycle
The duty cycle (DC) of a blazar can be defined as the fraction of time when the source is in a high flux state with respect to the total time of observation. The definition of a high flux state phase varies for different authors (Vercellone et al. 2004; Krawczynski et al. 2004) , and the DC can be expressed as,
where T f l is the total time spent in a flaring or high flux phase and T quies is the total time spent in the quiescent or baseline flux state. Following (Abdo et al. 2014; Patricelli et al. 2014 ) the DC can also be expressed as,
where F is the average flux in the entire observation period and in the energy range used for the selection of the data, F bl is the baseline flux and F f lare is the average flux of flaring states. To infer the baseline flux we obtained the distribution of flux states for the ∼ 9.5 year Fermi-LAT observation period, considering 1 week bins, and as (Tluczykont et al. 2010 ) reported for Mrk 421, it was best fit by a function consisting of a sum of a Gaussian ( f G ) and a log-normal function ( f ln ) with a likelihood integral fit. The flux distribution of TXS 0506+056 is reported in Fig. 4 with the Gaus-sian+LogNormal fit. The mean of the Gaussian function represents the upper limit for the F bl and the log-normal function is associated to the flaring states (Tluczykont et al. 2010 ), hence the average flare flux can be expressed by:
Since the log-normal function describes the flaring states, we choose as threshold flux F th = Fbl + 3σ G , and as maximum flux F max the highest flux observed in the light curves. The use of only one experiment to obtain the gamma-ray DC of the selected blazars minimizes the systematics of the values reported in Fig. 5 . Here we report the DCs obtained for TXS 0506+056 and OP 313 using the weekly binning already shown in the light curve plots 2, 3.
Since we infer a lepto-hadronic emission (Petropoulou et al. 2015) from these sources with the same emitting region for gammarays and neutrinos, we use the gamma-ray DC calculated trough Fermi-LAT data to also set the DC of neutrino emission.
It should be noted that the Gaus+LogNormal fit of (Tluczykont et al. 2010 ) is only meaningful for sources that have well defined flare(s)/active states. In order to compare the two sources (TXS 0506+506 and OP 313) with other sources within our sample, with low flux and not very prominent active periods, we calculated the DC using a slightly modified approach from the one in (Vercellone et al. 2004) , hereafter called method II. To estimate the DC, equation 1 is used, where a flaring state is defined as the flux above a given threshold. For this work, the mean flux is calculated including the upper limits, and the threshold for a flaring state is set to mean + 1σ (σ = standard deviation). Only the bins whose error bars lie entirely above the threshold are considered for the calculation of active/flaring states. With this approach we obtain the DC for a sample of 6 sources (see Fig. 12 ). For this extended sample, we also obtained the gamma-ray luminosity for each of the source's brightest flaring state in 9.5 years of Fermi-LAT observations. When plotting the luminosity vs. the synchrotron peak value, the combined sub-sample of BL Lacs+FSRQs appears to follow an anti-correlation trend, with the exception of the extreme blazar 1RXS J064933.8-313914 (see Fig. 8 ). The anti-correlation for the combined BL Lac+FSRQ sample is in agreement with the one observed by (Ghisellini et al. 2017 ).
Luminosity during flaring periods
Isotropic gamma-ray luminosities between 0.1 -300 GeV were calculated for the two blazars, TXS 0506+056 and OP 313 during their major flares. The cosmological parameters: H 0 = 67.8, Ω m = 0.308, Ω λ = 0.692 were assumed for calculation, and redshifts of the sources were taken from Table 1 . Flux values above the threshold of µ G + 3σ G (derived by fitting the observations with a Gaus-sian+LogNormal distribution, see Section 3.1) were included in the calculation and an integrated luminosity over the thus obtained flare period was computed for each source. Table 2 summarizes the luminosity values for each of the sources. It is immediately evident that even for its longest and Table 2. brightest flare, Mkn 421, a rather bright local source, is outshone by TXS 0506+056 and OP 313 by a factor of atleast 75. Among the two farther away sources, OP 313 is more than 10 times luminous than TXS 0506+056 during its flare, thus presenting a strong case for its potential to produce VHE neutrinos if we consider the observed gamma-rays to be related to hadronic processes. The luminosity of TXS 0506+056, accounting for the different periods of integration, is compatible with the one obtained by (Aartsen & et al. 2018) . It is worth pointing out that this result is strongly dependent on the redshift values of the sources through their luminosity distance. In Fig. 12 we report a 3D plot with the obtained gammaray luminosity during the most luminous flare measured by Fermi-LAT vs the flare duration vs the gamma-ray duty cycle as obtained by method II, considering the distance reported for some of the blazars. We plot the values for the blazars of the sample where it is possible to obtain these three quantities. While for Fig. 12 the luminosity is obtained between 1 -300 GeV, for Fig. 8 , the gamma-ray luminosity is obtained between 0.1 -300 GeV and plotted against the synchrotron peak value obtained through the Fermi-LAT 3FHL catalog.
SPECTRAL ENERGY DISTRIBUTIONS
In this work we also consider the broadband spectral energy distribution (SED) of the selected blazars to link the electromagnetic spectrum with the neutrino observations. Here we report the SED of the blazars TXS 0506+056 (Fig. 6 ) and OP 313 (Fig. 3) . For the gamma-ray energy range we show the case when the sources are in a flaring state as well as the case when the sources are quiescent. In particular we compare the gamma-ray spectral features for these two cases to the corresponding neutrino flux needed to obtain an observable EHE muonic neutrino event in IceCube from the position of the blazar considered. In Fig. 8 we report the value of the synchrotron peak obtained from the Fermi-LAT 3FHL catalog, when available, as a function of the gamma-ray Figure 6 . Multi-messenger SED of TXS 0506+056. With the black points we report the electromagnetic SED obtained using the open access multiwavelength archival data from the ASDC SED Builder Tool of Italian Space Agency (ASI) (Stratta et al. 2011) . With the carolina triangle we report the Fermi-LAT data during the flaring period. We use the violet triangle to indicate the expected neutrino flux to obtain a astrophysical neutrino event considering 6 months of Icecube data taking, while the the two red stars, separated by the green region, indicate the neutrino flux variation when considering 7 years of IceCube data taking and a source duty cycle varying from 0% to the value of 23% reported in Table 2. luminosity, looking for an anti-correlation trend for the blazars of our sample.
Spectral Index variability of the gamma-ray SED
Here we obtain the gamma-ray spectral index values (α) for both TXS 0506+056 and OP 313 considering a power-law spectrum with exponential cutoff (computed by Enrico package) and a time binning of six months. This selection is due to the time needed to observe a few hundred TeV neutrino event from the luminous blazars in our sample when a gamma-ray activity period is considered. The average spectral index for TXS 0506+056 is found to bē α = −1.97 ± 0.04 (Fig. 9) . The major deviation of the spectral index with respect to the mean value for TXS 0506+056 is 2.19σ , while the hardening observed during the 2014/15 neutrino flare corresponds to a devia- Figure 7 . Multi-messenger SED of OP 313. With the black points we report the electromagnetic SED obtained using the open access multi-wavelength archival data from the ASDC SED Builder Tool of Italian Space Agency (ASI) (Stratta et al. 2011) . With the carolina triangle we report the Fermi-LAT data during the flaring period. We use the violet triangle to indicate the expected neutrino flux to obtain an astrophysical neutrino event considering 6 months of Icecube data taking, while the the two red stars, separated by the green region, indicate the neutrino flux variation when considering 7 years of IceCube data taking and the a source duty cycle varying from 0% to the value of 21% reported in Table 2. tion from the mean valueᾱ of σ = 0.44. The same analysis done for the FSRQ OP 313 gives a mean value of the spectral index of α = −2.15 ± 0.14 and the maximum deviation with respect to this value corresponding to σ = 2.92 ( Fig. 10) .
NEUTRINO OBSERVATIONS
This analysis is performed after the high-energy upward-going muon IC170922A, reported by IceCube through a Gamma-ray Coordinates Network Circular on MJD 58018 (September 22, 2017; (Kopper & Blaufuss 2017b) ) originating from a neutrino with energy 290 TeV, which has a high probably of having an astrophysical origin. Its best reconstructed position is right ascension (RA) 77:43+0:950:65 and declination (Dec) +5:72+0:500:30 (deg, J2000, 90% containment region: IceCube Collaboration 2018a). The other astrophysical track-like neutrino events considered in this work take into account the list of the 23 AMON alerts, the list of astrophysical muonic neutrinos reconstructed from the northern hemisphere (Aartsen et al. 2016 ) and the track-like events present in the last High Energy Starting Event (HESE) catalog (IceCube Collaboration et al. 2017) . For each of these neutrino events we search for known blazar objects spatially correlated within 1.5 • from the centroid.
Expected neutrino emission
Both BL-Lacs and FSRQs can be considered VHE neutrino emitter candidates since their jets can accelerate protons up to ultra high energies (UHE) (Fraija & Marinelli 2015) . When the density of the synchrotron emission from the electrons in the jet exceeds the density of gas, the accelerating protons can make the following three interactions: i) pγ → pγ , inverse Compton scattering; ii) p + γ → pe + e − , electron positron pair production; and iii) pγ → N + kπ, photomeson production. When the energy of target photons in the rest frame of protons exceeds m π c 2 ×(1 + m π /2m p ) 145 MeV the photomeson production starts and neutrino production starts to be effective through the decay of π + and π − . In this work we follow the (Petropoulou et al. 2015) approach to estimate the expected neutrino flux. In particular we consider the gamma-ray data recorded by Fermi-LAT observatory during the flaring period between 1 GeV and 300 GeV to be mainly produced by the synchrotron emission of pion cascade products inside the jet of the blazars considered. Different proportionality constants K νγ were considered to link this synchrotron emission measured between 1 GeV and 300 GeV (L γ ) and the corresponding neutrino expectations between 100 TeV to 1 PeV (L ν ):
The calculated neutrino fluxes F ν µ +ν µ reported in Fig. 11 are obtained considering two different values for K νγ , 1 and 0.4. In the following part we will refer to K νγ using simply a K. In this context we assume low values of opacity (τ γγ ) caused by the interaction of hundred GeV photons with the Broad Line Region (BLR) photons, similar to what is reported in Svensson 1987) , we consider the following relation for the γγ opacity:
with σ pγ ∼ 0.7 × 10 −28 cm 2 , σ γγ ∼ 6.65 × 10 −25 cm 2 , with a η γγ ∼ 0.1, η pγ ∼ 1.0 and K γ sync ∝ K νγ representing the transfer factor between the hadronic production at the O(10 2 ) TeV and the synchrotron photons from pion decay products up to O(10 2 ) GeV.
Expected neutrino flares observability
As explained in the previous section, we obtain the expected neutrino flux considering the Fermi-LAT data as emission from particles produced in the pion decays considering different proportionality constants K. We apply this scenario (Petropoulou et al. 2015) for different time bins, following the EBL modeling described by (Franceschini et al. 2008 ) and assuming an SED described by a power law with exponential cutoff. The neutrino flux obtained for the entire period of Fermi-LAT data taking is then compared to the discovery potential of IceCube telescope for the same time period. The position of the source as well as the energy of expected neutrinos are also considered while obtaining the discovery potential flux. This analysis is aimed at finding the minimum activity period needed to observe a possible EHE track-like event correlating the emission of photons of O(10 2 ) GeV with the neutrinos of O(10 2 ) TeV in the jet of the blazar. In the Fig. 11 we report the two cases of K = 1.0 and K = 0.4 for two of the blazars that we report in the sample: TXS 0506+056 and OP 313. We report two different discovery potentials for the IceCube experiment, respectively the (Aartsen et al. 2017b ) and the (Aartsen et al. 2019) .
DISCUSSION
For the studies presented in this work we select VHE emitters (being part of 3FHL or 3FGL catalogs) spatially located within 1.3 • of the centroid of a HESE or EHE muonic neutrino event. A fraction of these neutrino events are included in the list of IceCube alerts, while others were reconstructed before the alert program. Some events that are not part of the alerts are also included. With this search we produce a sample of 10 sources reported in Table 1 . For each source we look for possible temporal coincidence of gamma-ray flare (average + 3σ ) considering a weekly time binning during the first 9.5 years of Fermi-LAT observations, with the selected neutrino events. From Fig. 12 we can see that the sample of selected blazars does not show an exceptional level of activity at gamma-ray energy when we use a monthly time scale. The FSRQ PKS 1454-354 is seen to be the object with a higher level of gamma-ray activity and a longer flare duration, however only TXS 0506+056 is found to have a significant and long gamma-ray flare in coincidence with the reconstructed EHE neutrino event (of 22 nd September 2017). On one hand, looking at Fig. 8 we may suppose a dominant leptonic origin for the gamma-rays observed with Fermi-LAT on a long time scale. In fact, the anti-correlation trend between the gamma-ray flux and the synchrotron peak can be expected assuming a self-synchrotron compton (SSC) SED. However, we cannot exclude that the flaring activity can be characterized by an enhanced hadronic production in the inner part of the jet with a sufficient luminosity to be seen through a neutrino telescope. In this work, we show a more detailed study of the highenergy activity for two of the brightest blazars (on average) in ). In the 3FHL catalog, TXS 0506+056 (at a distance of z=0.3365) is listed as a BL-Lac object while OP 313 (at a distance of z=0.998) as an FSRQ. For these two blazars the gamma-ray statistics collected by Fermi-LAT above 1 GeV is enough for applying the approach described by (Tluczykont et al. 2010 ) instead of (Vercellone et al. 2004 ) when using a monthly time bin. Assuming the hadronic model explained in Section 5.1 we proceed to compute the expected neutrino light curves considering different time binnings and compare them with the flux needed to obtain a 5σ discovery in 50% of IceCube equivalent experiments, in the same amount of time. This analysis shows that, considering the Fermi-LAT data above 1 GeV to be mainly produced through the synchrotron emission from pion cascade products, the minimal flaring time needed to observe with IceCube telescope an integrated neutrino flux above 100 TeV, is of the order of a few months, for a very luminous BL-Lac like TXS 0506+056. With this emitting model only the VHE flare registered by Fermi-LAT in 2017 from this blazar can have a companion neutrino flux detectable with a minimum time bin of one month (as shown in Fig. 11 ). Also the FSRQ OP 313 presents an integrated neutrino flux close to the IceCube discovery potential limit when a VHE flaring time of six months or one year are considered; however no gamma-ray activity was registered in coincidence with the IC120515 detection, excluding the link of GeV photons with a possible hadronic production. For the OP313 case, we should also highlight the important role played by EBL absorption at energies above 100 GeV when a source at z ∼ 1 is considered. Additionally, we present the study of the spectral features considering the total time of Fermi-LAT data taking and the period of major gamma-ray flare for both TXS 0506+056 and OP 313. In the Figs. 6 and 7 we report the level of expected differential neutrino flux to observe an EHE event and we compare it with the (1 -300 GeV) differential gamma-ray flux for the total Fermi-LAT period and for the flaring times. The level of gamma-ray differential flux is compatible with the expected neutrino flux needed for the detection of 1 EHE event, giving us the possibility to describe the photons of O(10 2 ) GeV emitted by TXS 0506+056 and OP 313 through the model described in (Petropoulou et al. 2015) when 9.5 years of observations are considered. On the other hand, when we concentrate only on the gamma-ray flaring period, the same hadronic model fits only with TXS 0506+056. In accordance with this observation we did not see any EHE neutrino event during the gamma-ray flare of OP 313. This suggests that for the case of OP 313, as well as for most of the blazars in our sample, the neutrino detection above 100 TeV can be related to the sum of several limited hadronic activities and completely driven by the statistical case. Moreover, here we also take into account the Duty Cycle estimated with the 9.5 years of Fermi-LAT data and we apply this correction factor to the expected neutrino fluxes for the case of total Fermi-LAT observational time. Quite similar DCs are obtained for the BL-Lac TXS 0506+056 (average DC∼ 23%) and for the FSRQ OP 313 (average DC∼ 21%) making the assumed model (Petropoulou et al. 2015) still compatible with non-observation of multiple neutrino events above 100 TeV from the direction of the selected blazars.
RESULTS AND CONCLUSIONS
The first step of this work was to create a sample of blazars with enhanced gamma-ray emission spatially and temporally correlated Figure 12 . In this 3D plot, for each source we report the gamma-ray luminosity during the most luminous flare vs the minimum duty cycle obtained with method II as explained in Section 3.1 vs the average duration of the gamma-ray flare. The values are obtained in the energy range 1-300 GeV using 9.5 years of Fermi-LAT data. Not all the blazars listed in Table 1 are reported here due to the low statistics of photons at high energy and due to the difficulties in obtaining a lower limit for the duty cycle.
with the astrophysical-like neutrino events reconstructed by Ice-Cube telescope. With the built sample, the goal was to compare the time-dependent high energy activity of the BL-Lac TXS 0506+056 with the other possible high energy neutrino sources. Two important aspects were examined, considering that these kind of high energy astrophysical emitters spend a sizeable part of their life in a "off" state: the Duty Cycle and the minimum flaring period required to be observed through a kilometric neutrino telescope. Other 9 blazars, fulfilling the criteria of strict spatial correlation with an EHE neutrino event, although without temporal coincidence, were analyzed. Other sources, like OP 313, with a high average flux and a high DC are good candidates to constrain the hadronic emission from the blazars. In this work, we show that the minimum hadronic flare duration needed to obtain a multimessenger observation (with > 100 TeV neutrinos and > 10 GeV gamma-rays) when considering a very luminous BL-Lac (the ones among the brightest 3% of the 3FHL catalog), should be of the order of few months. The DC value at the level of ∼ 20% or below for the blazars in this sample justify the fact that we don't have, at the moment, multiple neutrino events above 100 TeV from known blazars and that IC170922A in coincidence with the gamma-ray flare of TXS 0506+056 is the only multi-messenger observation. With these considerations we have to conclude that the preferential way to reach a 5σ confidence level with multi-messenger observations of blazars, will be the simultaneous data taking of a Global Neutrino Network comprising several km 3 detectors spread around the word. This will soon be possible with IceCube and the upcoming KM3NeT (Adrián-Martínez et al. 2016) and Baikal-GVD (Avrorin et al. 2014) telescopes. Moreover, we suggest that the time correlation of HESE or EHE neutrino events and a short (few week-long) gamma-ray flare from a blazar is hardly observable, while a high duty-cycle of the source and enhanced activity on a longer time scale (six months/year) can be the key to observe neutrinos from these kind of sources and perform multi-messenger astronomy.
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